proteins are derived from adipocytes. It reflects body fat content. Leptin is thought to act as an afferent satiety signal from body fat to hypothalamus. Leptin is thought to act as an afferent satiety signal from body fat to hypothalamus, causing a reduction in appetite and augmenting basal metabolic rate when fat stores are replete 1, 2 .
In 1995, it was reported that the obese (ob/ob) mouse, which is markedly hyperphagic and obese is leptin deficient due to mutation in ob gene. When given leptin, food intake is reduced and the mice lose weight 1 . Genetically mediated states of leptin deficiency or resistance result in hyperphagia, obesity, preferential storage of calories as adipose tissue, infertility, susceptibility to diabetes, hypermetabolism, somatic growth impairment and elevated blood glucose concentration. In human, circulating leptin correlates with adiposity and decreases after weight loss, fasting or caloric restriction 3 .
Both serum leptin concentration and ob gene mRNA in adipose tissue is elevated in obese human. Moreover, there is consistent correlation between serum leptin concentration and the percentage of body fat, the BMI and basal serum insulin concentration. Human adipocytes produce more leptin when adipose tissue increases. Obese adults show decreased sensitivity to the action of leptin 1 .
Leptin and Reproduction
Compelling evidences suggest a possible role of leptin in reproduction; besides its central role in physiology and pathophysiology of weight gain 4 .
Leptin treated prepubertal mice produced at an earlier stage than did non-treated controls 5 . It indicates that leptin may help trigger puberty. Leptin treatment of infertile ob/ob mice restored the estrous cycle and treated females were able to become pregnant with normal pups 6 . Leptin dose-dependently altered insulin induced steroid production by bovine ovarian granulose 7 and theca cell 8 . Leptin stimulates gonadotrapin release in rhesus monkeys 9 .
In the human mRNA transcripts for both leptin and its receptor are expressed in pre ovuolatory
The obesity gene (ob/ob) was positional cloned in 1994. The ob/ob gene product was designated as leptin. The 16 KD follicles. Leptin receptor expressions were located in granulosa and theca cell populations 10 . Increases in peripheral levels of leptin are associated with onset of menarche. A woman of reproductive age typically exhibits higher levels of leptin than men of comparable age or adiposity 12 . This unique gender dichotomy extends to adolescents as well. Peripheral levels in girls, although not in boys are highly predictive of gains in adipose mass and the inhibition of puberty 13 . Similarly leptin levels in cycling women have been reported by some investigators to be greater than those in post-menopausal women 14 . Circulating levels of the polypeptide in female neonates 15 and fetuses in utero are higher than their male counterparts, further implying a relationship with female reproductive development.
However, female patients with lipotrophic diabetes, who have chronic low levels of leptin from early pregnancy developed normal reproductive function at puberty and maintained normal menstrual cycles 16 . Anorectic women who have very low levels of leptin are also amenorrhoeic. These findings suggest that leptin has a permissive rather than a fundamental role in female reproduction.
Leptin as a gestational hormone
During pregnancy, maternal leptin that arise from adipose tissue stores and placenta increase with advancing gestational age. Proposed physiological roles for leptin in pregnancy include regulation of conceptus growth and development, fetal and placental angiogenesis, embryonic haematopoiesis and hormone biosynthesis within the maternal fetoplacental unit. The specific localization of both leptin and its receptor in the syncytiotrophablast implies autocrine and/or paracrine relationship in this endocrinologically active tissue 4 .
In the pregnant rodents (rat and mouse) serum leptin levels are many fold higher than non pregnant ones 17 . Leptin and leptin receptor transcripts are expressed in various tissues including the uterus, placenta and maternal adipose tissue 18 . Removal of conceptus via hysterectomy results in premature decrease in serum leptin, indicating an important role of the fetoplacental unit in maintaining elevated serum leptin levels 17 . Expression of leptin receptor transcripts were detected in placental villous tissue (almost exclusively the layer of syncytiotrophablast), corpus lutium, decidua, amnio-chorion as well as maternal omental and subcutaneous adipose tissue collected from baboons 19 .
In human pregnancy, serum leptin is continuously increased from 6-8 weeks up-to 38-40 weeks of pregnancy 20 . The high level of leptin during second and third trimester is not associated with decreased food intake or reduced metabolic activity. Therefore a state of leptin resistance is indicated that is compared to that which occurs in obesity. High levels of leptin during pregnancy might lead to uncoupling of eating behavior to fill up fat stores and to relative unresponsiveness of leptin receptor. This unresponsiveness could ensure additional energy stores and thus prepare women for stress during birth and provide for adequate lactation thereafter 6 .
Serum leptin decrease dramatically after birth 20 . A reduction in serum leptin levels has been observed in women suffering from spontaneous abortion during first trimester 21 .
Leptin and maternal body fat mass
Changes in circulating leptin levels in pregnancy correlates positively with changes in weight, body mass index, fat mass and percentage fat mass in pregnancy 22, 23, 24 . Women who gained more during pregnancy had higher leptin levels. Similarly, women who gained or failed to lose weight postpartum had higher leptin levels. Leptin per unit fat mass was significantly more elevated at 36 weeks pregnancy than that at 3 and 6 m postpartum 25 .
However energy expenditure and adipose weight gain are insensitive to increased leptin levels suggesting resistance to leptin action. These could be secondarily either due to reduced sensitivity at the level of hypothalamus or due to increased concentration of leptin binding protein causing reduced bioactivity 23, 25 .
Leptin and placenta
Plasma leptin levels in pregnant women are higher than those in body mass index matched non-pregnant women and have less correlation with body mass index 26 . A significant increase in circulating leptin with little or no change, (or in some cases, decrease) in fat mass in early pregnancy are further evidence that factors other than adipose tissue are responsible for increased leptin during pregnancy 27 .
Elevated plasma leptin levels in pregnant women rapidly decrease after placental delivery to those levels in body mass index matched non-pregnant women. This indicates that placenta is a significant source of maternal leptin. Leptin levels in cord vessels are markedly lower than those in maternal veins. Leptin with a molecular weight of 1600, probably does not cross placental barrier. Cord blood leptin significantly correlates with placental weight and birth weight. There is a positive umbilical venous arterial difference in leptin level. All evidences suggest that leptin is secreted from placenta into fetoplacental circulation 26 .
Specific leptin and leptin receptor transcripts were determined by various methods in trophoblastic cells of placenta 26, 28 . It was suggested that placenta functions as an endocrine organ capable of secreting leptin. There is a study 29 which indicates a positive correlation of estrogen and human chorionic gonadotropin (hCG) with leptin in pregnancy and enhanced release of leptin from in-vitro culture of trophoblast on addition of recombinant hCG. So there may be regulatory associations of leptin with placental steroid and polypeptide hormones for pregnancy maintenance. This potential may lend further significance to the report that leptin levels in women suffering spontaneous abortion in first trimester were 35% lower (P<0.001) than in women who successfully maintained their pregnancies 23 .
Leptin and fetal growth
The physiological role most commonly postulated for leptin during pregnancy involve the regulation of fetal growth and conceptus development 4 . Leptin is present in fetal cord blood at the end of first half of gestation 2 . Immuno-histochemical staining of developing subcutaneous tissues of human embryos at 6-10 weeks gestation indicates that leptin is produced by developing fat cells from the beginning of lipidogenesis and differentiation 30 . Levels in umbilical cord at term are highly correlated with birth weight 1, 2, 22, 24, 27, [31] [32] [33] [34] [35] . Although placenta appears to be an important source of leptin, some suggest that fetal adipose tissue is the main contributor to fetal leptin concentrations 2, 31 .
Significant correlation exists between birth weight, birth length, head circumference, ponderal index, placental weight, cord blood insulin and leptin concentrations in cord blood at birth 32 . Therefore, intrauterine growth could be correlated with fetal and maternal leptin levels. Newborns that are large for gestational age have higher leptin levels than do that are appropriate for gestational age or small for gestational age 32, 36 . In a multivariate stepwise regression analysis 33 , only the intrauterine growth status remained independently associated with cord blood leptin when data were adjusted for birth weight, birth length, placental weight, maternal serum leptin, cord blood insulin and intrauterine growth status. These data from the literature suggest a role for leptin as regulator of fetal growth.
The relationship between growth status and leptin may be indirect and mediated through other factors like fetal insulin and insulin like growth factor 33, 36 . Leptin in cord blood originating in the placenta and/or fetus may potentiate growth by modulating growth hormone secretion 37 . Leptin receptive mRNA has been identified in human fetal anterior pituitary and leptin administration specifically stimulated GH secretion from primary human fetal pituitary cultures without affecting ACTH, prolactin or gonadotropin secretion 38 .
Leptin has been proposed as a regulator of haematopoiesis 39 and angiogenesis 40 in different development models. Probable role of leptin in haematogenesis and angiogenesis also reinforce the idea of its putative role in fetal growth.
A significant association between fetal and maternal leptin were described 32, 34, 35 . Leptin may thus be able to cross the placental barrier and link the nutritional status of the mother with that of the fetus intimately.
Conclusion
There are many descriptive evidences that suggest a regulatory and permissive role of leptin in the course and outcome of pregnancy. However, further studies are needed to support the assumption that placenta is a major determinant of leptin in fetomaternal circulation and leptin might serve as a diagnostic and therapeutic tool in obstetrics. 
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